1. Introduction {#sec13423}
===============

Vital pulp therapies aim to maintain tooth vitality, and functionality and to render the tooth asymptomatic ([@A12300R1]). Pulpotomy, for instance, is a procedure in which the coronal pulp that presumed to be inflamed and/or infected is surgically removed, and the remaining radicular dental pulp is covered at the orifices with a suitable material that protects the pulp from further injury and permits and promotes healing ([@A12300R2], [@A12300R3]). Traditionally, the term \"pulpotomy\" has implied removal of the pulpal tissue to the cervical line, to be differentiated from "Cvek type" pulpotomy or "partial pulpotomy" in which just a portion of the coronal pulp is removed ([@A12300R4]). Indications of pulpotomy include primary teeth with irreversible coronal pulpitis or exposed vital pulps. Pulpotomy is considered as a treatment for immature permanent teeth with pulp exposure due to caries or trauma that gives evidence of extensive coronal pulpitis, and also as an emergency procedure for permanent mature teeth until root canal treatment can be accomplished ([@A12300R2]).

Disagreement exists concerning pulp capping and pulpotomy as a permanent treatment option in mature permanent teeth. It is universally accepted; however, that vital pulp therapy is indicated for pulp exposure in teeth with incompletely formed roots. But once root formation has been completed, root canal therapy (RCT) should be performed ([@A12300R2]). The best root canal filling is the healthy pulp tissue, and it should not be assumed that every damaged pulp must be extirpated and that pulp conservation is not satisfactory procedure ([@A12300R5]). However, pulp exposure due to deep caries, in particular, normally results in the mature tooth requiring RCT. It is the only procedure which insures removal of the bacteria that invaded the pulp ([@A12300R6]).

MTA has attracted attention since its introduction to the field of endodontics ([@A12300R7]). It has a lot of advantages compared to other conventional endodontic materials; *e.g.* its excellent sealing ability ([@A12300R8]), biocompatibility ([@A12300R9]), dentin bridge formation in cases of pulp capping ([@A12300R10], [@A12300R11]) and pulpotomy ([@A12300R12]) in addition to inducing proliferation of the pulpal cells ([@A12300R13]). Although many studies showed that MTA is the material of choice for vital pulp therapy in primary and young permanent teeth, ([@A12300R14]-[@A12300R17]) other studies found no significant differences ([@A12300R18], [@A12300R19]).

Studies regarding the management of carious exposure in mature (fully developed) teeth are scare and conflicting. Accordingly, the aim of this clinical trial was to evaluate the clinical and radiographic outcomes of mineral trioxide aggregate (MTA) pulpotomy as permanent treatment of symptomatic mature permanent teeth with carious exposure.

2. Material and Methods {#sec13424}
=======================

This study was conducted on the records of 10 patients (4 males and 6 females; aged 17-54 years) that referred to Operative Dentistry and Endodontics clinic of Damascus Dental School between 2007 and 2008 due to stimulated intense pain on sweets and/or cold food/drinks. On clinical examinations, the offending teeth (n=11) were either deeply carious or had large restoration. Stimulation with electric pulp tester (CIR Anthos, Imola, Italy) resulted in a more intense response in the offending teeth compared to the adjacent and opposite teeth. These clinical symptoms were consistent with reversible pulpitis. In addition, diagnosis of apical periodontitis was excluded by percussion palpation examination. Moreover radiographs revealed "normal periapical structures" *i.e.* score 1 according to Ørstavik periapical index (PAI) ([@A12300R20]) ([Figures 1A](#fig3247){ref-type="fig"}, [2A](#fig3248){ref-type="fig"}). The patients were informed regarding the pulpotomy treatment using MTA in case the pulp exposure happened. The department board adopted this procedure as an alternative to the RCT in such cases. Each patient signed an informed consent.

![Periapical diagnostic and follow-up radiographs of tooth 34; A) diagnostic radiograph showing a secondary caries under amalgam restoration; B) 3 month after MTA pulpotomy; the periapical structures appear normal and; C-F) normal periapical structures upon radiographic follow up visits at 12, 24, 36 and 42 months, respectively](iej-08-65-g001){#fig3247}

Following local anesthesia with 2% lidocaine 1:80000 epinephrine (Kwang Myung, Korea) and, when possible, rubber dam isolation, caries/restoration was removed using a high speed air motor with water coolant. Low speed air motor with water coolant was then used carefully to remove the carious dentin. Teeth were included only if carious exposure and pulp bleeding were evident upon excavation; this was the most important inclusion criterion for case series. The roof of the pulp chamber along with coronal pulpal tissue was removed using high speed air motor under water coolant. The bleeding was controlled using a small piece of sterile cotton pellet for about 5 minutes. MTA (ProRoot; Dentsply, Tulsa, OK, USA) was mixed according to the manufacturer\`s instructions and was applied on the floor of the pulp chamber with a thickness of approximately 2-3 mm and root canal orifices; then a wet cotton pellet was placed on the layer of MTA. Temporary filling (Litark, Lascod, Italy) was applied till the next appointment in 2 days.

In the next appointment, the patients reported slight discomfort which was gradually diminishing and cold and/or sweet food/drinks did not initiate pain anymore. MTA was checked to confirm setting using a small rounded burnisher. Then, accordingly, a permanent filling of polycarboxylate cement (Spofa Dental, Adhesor® carbofine, Republic Czech) and amalgam restoration (GK amalgam capsule, China) was employed. Two teeth were indicated for crown restoration due to the weakness of the remaining structure. They were crowned 1 month and 1 year post-pulpotomy respectively ([Table 1](#tbl3859){ref-type="table"}).

###### Distribution of the 11 permanent mature teeth that were cariously exposed and treated by pulpotomy using MTA

  Patient\`s Number   Age   Gender   Tooth number   Pretreatment status                   Follow-up period   Vitality response
  ------------------- ----- -------- -------------- ------------------------------------- ------------------ -------------------
  **1**               20    Female   46             Deep Caries                           28                 Yes
  **2**               20    Female   45             Deep Caries                           24                 Yes
  **3**               23    Male     44             Deep Caries                           24                 Yes
  **4**               17    Male     24             Deep Caries                           26                 Yes
  **5**               17    Male     25             Deep Caries                           28                 Yes
  **6**               26    Male     28             Deep Caries                           30                 Yes
  **7**               26    Male     16             Deep Caries                           24                 N/A (crown)
  **8**               54    Female   31             Deep Caries                           26                 Yes
  **9**               38    Female   34             Large Restoration; Secondary Caries   42                 Yes
  **10**              42    Female   36             Deep Caries                           42                 Yes
  **11**              24    Female   37             Large Restoration; Secondary Caries   42                 N/A (crown)

The patients were re-evaluated after 1, 3 and 6 months, then every six months. Signs and symptoms including pain, swelling, sinus tract, tenderness to percussion were examined clinically while evidence of periapical or furcal pathosis or root resorption were evaluated with periapical radiographs ([Figures 1B-1F](#fig3247){ref-type="fig"}, [2B-2F](#fig3248){ref-type="fig"}). All patients were asked whether they had experienced spontaneous pain, pain on chewing or pain stimulated by hot/cold. Electric pulp testing was applied, where feasible, in all follow-up visits.

![Periapical diagnostic and follow up radiographs of tooth 37: A) diagnostic radiograph showing a secondary caries under a composite restoration; B) 3 months after MTA pulpotomy radiograph after crowning the tooth; the periapical structure appears normal and; C-F) normal periapical structures upon radiographic follow-up visits at 12, 24, 36 and 42 months, respectively](iej-08-65-g002){#fig3248}

3. Results {#sec13425}
==========

The mean age of the patient was 29 years; ranged from 17 to 54 year and the mean follow-up period was 30.5 months; ranged from 24-42 months ([Table 1](#tbl3859){ref-type="table"}).

Clinical examination during the follow-up periods revealed that all patients were asymptomatic and free of clinical signs/symptoms including pain, swelling, presence of sinus tract, and tenderness to percussion. Electric pulp testing in the follow-up visits where applicable, measured higher scores for all treated teeth compared to the opposite or neighboring teeth. All the patients were asymptomatic at one month, 3-months and 6-months and then every 6 months follow-ups (6-9 follow-up visits). The electric pulp testing, when applicable, revealed delayed positive response of all tested teeth in the all follow-up visits; the electric pulp testing could not be performed on the two teeth that had been crowned ([Table 1](#tbl3859){ref-type="table"}). However, during crown preparation, local anesthesia was used because of the accompanied pain. All treatment was deemed successful at time due to absence of clinical and radiographic signs.

No changes in the periapical status of the treated teeth were evident on the all Follow-up periapical radiographies ([Figures 1B-1F](#fig3247){ref-type="fig"}, [2B-2F](#fig3248){ref-type="fig"}).

4. Discussion {#sec13426}
=============

Managing curiously exposed pulp in adults has been a controversial issue. Although RCT is indicated for managing symptomatic mature permanent teeth with carious exposure ([@A12300R2]); it has a well-accepted prognosis ([@A12300R21]). However, it is expensive, complex and time-consuming treatment ([@A12300R22], [@A12300R23]). Moreover, RCT is not a complicated-free procedure. Unusual canal shape (*e.g.* c-shaped canals), dilaceration, unusual number of canals or calcification in the root canal strongly complicate the endodontic treatment ([@A12300R24]). RCT imposes many consequences such as making the tooth non-vital, removing of substantial amount of tooth structure, and therefore brittleness of the remaining structure. Consequently, an economic, conservative, and simple technique would be desirable ([@A12300R22]). A recent systematic review concluded that vital pulp therapy should be considered as an alternative treatment ([@A12300R25]). Overall, the success of vital pulp therapy techniques in curiously exposed teeth is dependent upon the technique Employed, the inflammatory status of the pulp tissue, the period of observation, the criteria used to determine the success and the type (biocompatibility) of pulp therapy agent used ([@A12300R26]).

Successful outcomes have been demonstrated for CH partial pulpotomy in curiously exposed young permanent teeth. Dentin bridging and pulp health were more predictable with MTA pulpotomy ([@A12300R18], [@A12300R27]). However, there are as yet the only two following studies evaluated the outcome of MTA pulpotomy in symptomatic mature permanent teeth with carious exposure.

Eghbal *et al*. studied the short term clinical and histological outcomes of MTA pulpotomy of 12 mature permanent molars with irreversible pulpitis ([@A12300R28]). Clinically, no complaint of discomfort or tenderness in the next day was reported. The teeth were extracted two months post treatment for histological study where dentinal bridge was evident in all cases. Witherspoon *et al*. ([@A12300R29]) on the other hand, revealed good clinical and radiographic outcomes of MTA pulpotomy for 19 symptomatic permanent teeth in 14 patients. Although, the mean follow-up period was somewhat long (19.7 months), only 4 teeth were mature since the patients were young (age ranged 7-16 years).

The influence of the patient's age on the treatment outcome is a matter of controversy. In contrast to Aguilar and Linsuwanont ([@A12300R25]), Bjorndal *et al*. observed that younger patients were associated with a higher successful rate of vital pulp therapy ([@A12300R30]).

Symptomatic mature teeth with deep caries are ordinarily treated with indirect pulp capping unless the adopted conservative caries removal leads to pulp exposure where RCT is indicated ([@A12300R22], [@A12300R31]-[@A12300R33]). During the period between 2007 and 2008, hundreds of symptomatic deeply-carious mature teeth were treated accordingly. However, 10 patients, with curiously exposed teeth agreed (informed consent) to be treated with MTA pulpotomy. In the current study, the success observed with MTA vital pulp therapy opens new horizons in endodontics; the 24-42 months outcome revealed the efficiency of MTA pulpotomy in preserving the vitality of the curiously exposed symptomatic mature permanent teeth while relieving the patient's symptoms.

5. Conclusion {#sec13427}
=============

In conclusion, pulpotomy using MTA could be a good alternative for RCT for managing symptomatic mature permanent teeth with carious exposure. Since samples treated in this study were limited in number, large-scale multicenter clinical trials are highly encouraged.
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